Plasminogen activator inhibitor-1 (PAI-1) inhibits tissuetype plasminogen activator (t-PA) that binds to fibrin and activates plasminogen to plasmin. Several types of cells including hepatocytes, adipocytes and endothelial cells produce PAI-1, which complicates efforts to quantify sources of elevated plasma PAI-1 levels. Acute energy restriction such as that imposed by fasting 1) and ketogenic status, 2) as well as obesity and diabetes, 3) increases plasma PAI-1 levels. Fasting induces various physiological responses such as glucocorticoid production and an increase in plasma fatty acid levels. These factors induce PAI-1 gene expression in various tissues.
The C57BLKS/J (BKS) inbred mouse strain is a popular animal model of type 2 diabetes. [5] [6] [7] [8] We previously described that food deprivation (FD) induces adipose PAI-1 expression in both lean BKS mice and BKS-db/db mice carrying a mutation in the leptin receptor gene. 1) To evaluate the effects of the background of mouse strains, we examined FD-induced PAI-1 expression in the liver, heart and epididymal adipose tissues of BKS, C57BL/6J (B6), C3H/HeN and ICR mice.
MATERIALS AND METHODS
C3H/HeN, C57BL/6J and Jcl:ICR mice purchased from Japan Clea (Tokyo, Japan) and BKS mice from Charles River Japan Inc. (Kanagawa, Japan) were housed under a 12 h light-12 h dark cycle (lights on at 8:00 and lights off at 20:00) with food and water available ad libitum. After 24 h of FD, the mice were sacrificed at 22:00, and tissues were dissected, quickly frozen and stored in liquid nitrogen. Plasma was separated by centrifugation for 10 min at 7000 g at 4°C, and stored at Ϫ80°C for later measurements of PAI-1, glucose, triglyceride (TG) and free fatty acids (FFA) levels using kits (Wako Pure Chemical Industries Ltd., Osaka, Japan). The PAI-1 antigen levels were measured using a total murine PAI-1 enzyme-linked immunosorbent assay (ELISA) kit (Molecular Innovations Inc., Southfield, MI, U.S.A.). Tissue PAI-1 mRNA expression levels were evaluated by quantitative reverse transcription PCR as described.
2) Data are expressed as meansϮS.E.M. Fasting effects were tested by Student's or Welch's t-test with pϽ0.05 as the criterion for statistical significance.
RESULTS AND DISCUSSION Figure 1 shows tissue PAI-1 mRNA expression and plasma PAI-1 levels in four strains of mice. Twenty-four hours of FD induced significant PAI-1 mRNA expression both in the liver and heart of all mouse strains (Figs. 1A, B Plasminogen activator inhibitor-1 (PAI-1), the primary physiological inhibitor of plasminogen activators, is an important contributor to hypofibrinolysis in the presence of metabolic disorders such as diabetes and obesity. The C57BLKS/J (BKS) inbred mouse strain is a popular animal model of type 2 diabetes. We previously described that food deprivation (FD) induces adipose PAI-1 expression in both lean BKS mice and BKS-db/db mice carrying a mutation in the leptin receptor gene. To evaluate the effects of the background of mouse strains, we examined FD-induced PAI-1 expression in the liver, heart and epididymal adipose tissues of BKS, C57BL/6J (B6), C3H/HeN and ICR mice. We found that PAI-1 expression is significantly induced in the heart and liver of fasted mice, although levels of expression in adipose tissues are strain-dependent. The effect of FD on plasma PAI-1 levels is also strain-dependent. Genetic background seems to be an important factor that should be considered when investigating thrombosis and fibrinolysis relative to metabolic changes in mice. among the four strains (Fig. 1C) . Food deprivation obviously induced (2.6-fold) PAI-1 expression in BKS mice, significantly decreased (0.49-fold) it in ICR mice, but did not affect adipose PAI-1 mRNA levels in either C3H/HeN or B6 mice. Plasma PAI-1 levels were obviously increased in BKS, but not in C3H/HeN and B6 mice (Fig. 1D) We previously showed that hepatic PAI-1 expression closely correlates with serum FFA levels in BKS mice, suggesting that circulating FFA is related to PAI-1 gene expression in the liver. 1) Here, hepatic PAI-1 mRNA expression was similarly induced, although the effect of FD on plasma FFA levels remarkably differed among all four strains. These results suggest that other mechanisms regulate hepatic PAI-1 gene expression under fasting.
Cardiac PAI-1 expression was also induced in all strains by FD. Food deprivation induced PAI-1 mRNA expression in the livers and hearts of C3H/HeN and ICR mice without affecting plasma PAI-1 levels, suggesting that hypofibrinolytic risk at the tissue level is not always associated with plasma PAI-1 levels.
The remarkable strain diversity of PAI-1 mRNA expression in adipose tissues is intriguing. We previously showed that FD induces considerable adipose PAI-1 expression in both BKS-db/db and lean BKS mice. 1) However, the present study found that FD induced adipose PAI-1 expression only in BKS mice, and significantly decreased it in ICR mice. The BKS genetic background is more atherogenic than that of the closely related B6 strain. [6] [7] [8] Although the underlying mechanisms are not fully understood, the application of our findings to other strains of obese and diabetic model animals might be relevant for estimating metabolic effects on fibrinolytic activity.
Peroxisome proliferator-activator a (PPARa), a nuclear receptor that regulates the transcription of numerous genes involved in lipid metabolism and energy homeostasis, might be involved in the fasting-induced PAI-1 gene expression in the liver and heart of mice. PPARa is activated by fasting in these tissues. The functional peroxisome proliferator responsive element (PPRE)-like cis-element resides in the promoter of the mouse PAI-1 gene as it does in the human gene. 9, 10) On the other hand, adipose PAI-1 gene expression might be affected by strain-specific characters such as adipose tissue mass, body mass index, and oxidative status, because the baseline mRNA expression levels are obviously straindependent (Fig. 1C) .
In conclusion, PAI-1 expression is significantly induced in the heart and liver of fasted mice, although levels of expression in adipose tissues are strain-dependent. The effect of FD on plasma PAI-1 levels is also strain-dependent. Genetic background seems to be an important factor that should be considered when investigating thrombosis and fibrinolysis relative to metabolic changes in mice.
